In patients with fixed, immobile thoracolumbar spinal deformities, 3-column osteotomies and long construct instrumented fusion are often warranted to achieve optimal correction and spinal balance. 21 The morbidity associated with such intervention is not trivial, with major immediate perioperative complication rates estimated to be around 35% and an overall medical complication rate of approximately 50%. 1, 2, 11, 24 Up to 78% of patients who undergo 3-column osteotomy require reoperation at the 1-year follow-up for rod fractures, wound breakdown, and proximal junctional kyphosis. 26 There remains a need to understand which patients are at higher risk for the development of such complications in order to optimize outcomes.
Indeed, a number of patients who present with ASD have a history of prior spine surgery. Approximately half of ASD patients have undergone prior spine surgery with instrumentation in the area or in proximity to their spinal deformity, with a subset of patients having undergone multiple surgeries. The question that arises when we encounter patients who have undergone multiple surgeries and spinal fusions is whether these patients are at higher risk for complications. Some studies have suggested that patients who have undergone prior spine surgery may be at increased risk for postoperative complications, particularly issues with wound healing and infection. 4-6, 12,23 Other studies have suggested that there are no differences in complication rates between primary and revision cases. 7, 16 However, some studies have revealed that primary surgeries may be associated with higher mortality and complication rates. 15, 17 Furthermore, contemporary studies are needed to delineate the impact of revision surgery on rates of morbidity and postoperative complications. Moreover, studies that assess the impact of an incrementally greater number of prior surgeries, in a population that not uncommonly has more than a single prior operation, are necessary.
In this study, we evaluated whether any prior spinal surgery or spinal instrumentation is an independent risk factor for perioperative complications, 90-day readmission, and long-term reoperation in patients undergoing 3-column osteotomy for thoracolumbar spinal deformity. We also performed a subgroup analysis, assessing the impact of an incrementally greater number of prior surgeries and the presence of spinal instrumentation on perioperative and follow-up outcomes.
Methods
This study was formally approved by the Committee of Human Research at the University of California, San Francisco.
Patient Population
A consecutive cohort of ASD patients (≥ 18 years) who underwent a 3-column osteotomy for correction of thoracolumbar sagittal and/or coronal spinal deformity from January 2006 to July 2016 was identified. Patients with a diagnosis of infection/osteomyelitis, acute fractures, or tumors were excluded from the cohort. Indications for surgery were debilitating axial back or radicular pain that was not responsive to conservative management and/or neurological deficit in the setting of spinal deformity, causing abnormal sagittal and/or coronal imbalance. Threecolumn osteotomies included either pedicle subtraction osteotomies (PSOs) (Schwab 21 Grade 4 osteotomy) or vertebral column resections (VCRs) (Schwab Grades 5 and 6 osteotomy) via posterior approaches. All posterior approaches to fusion were performed through an open approach; no minimally invasive approaches were used among this cohort. Patients who underwent staged surgeries were included. Typically, patients who underwent a staged anterior/lateral procedure and subsequent posterior approach underwent their first-and second-stage surgeries over 2 consecutive days. The senior author, C.P.A., performed all of the surgeries, and V.D. was a cosurgeon for a majority of the cases.
Study Variables
The following patient demographic, clinical, and surgical variables were retrospectively collected: number of prior spinal surgeries within the spinal region of interest (0, 1, 2, 3, 4, and 5 or more), prior spinal instrumentation within the spinal region of interest, age (< 50, 50-64, 65-79, or ≥ 80 years), sex (male or female), weight (< 80 or ≥ 80 kg), type of 3-column osteotomy (PSO or VCR), level
, number of levels instrumented (≤ 10 or > 10), upper instrumented level (upper thoracic or lower thoracic), and staged anterior/lateral procedure. Upper thoracic levels were defined as T-1, T-2, T-3, T-4, T-5, T-6, and T-7. Thoracolumbar junction levels were defined as T-8, T-9, T-10, T-11, T-12, L-1, and L-2. Comorbidities of interest included cardiac disease, hypertension, vascular disease, diabetes mellitus, pulmonary disease, renal disease, stroke/ transient ischemic attack, psychiatric disease, hyperlipidemia, and thyroid disease.
The primary outcomes of interest included perioperative complication, length of hospital stay, 90-day readmission, reoperation, and infectious complication. Perioperative complication was defined as any unexpected or unforeseen medical and/or surgical issue requiring additional intervention within the patient's hospital stay. The total length of stay was defined as the number of inpatient days from the date of first surgery to the date of discharge. Readmission was defined as admission to a hospital within 90 days of surgery, with the principal admission diagnosis judged as bearing relevance to the index surgery. Reoperation and infectious complications included events during both the perioperative period and postdischarge period (up until the latest clinical follow-up).
Statistical Analysis
First, a comparison of demographic and baseline variables was performed between primary and revision surgeries. Patients in the primary surgery group were individuals who had never undergone surgery in the spinal region of interest, and those in the revision group underwent any spinal surgery within the spinal region of interest (regardless of whether instrumentation was performed). Next, the outcomes of interest were compared between the 2 groups. Two-tailed chi-square tests and the Student t-test were performed for categorical and continuous variables, respectively. Multivariate analysis was performed to adjust for covariates that were significantly different from demographic and baseline clinical variables. Logistic regression and analysis of covariance were employed for categorical and continuous outcomes, respectively.
To further assess the independent relationship of number of prior surgeries to the outcomes of interest, multivariate models were built. First, basic descriptive statistics were performed to define the variables in relation to the outcomes of interest. Then, univariate statistics were employed to test significant associations between covariates and the outcomes of interest. The chi-square test was used for categorical outcomes. Next, multivariate analysis models were built to assess independent associations between covariates and the outcomes of interest. Prior surgery and covariates with p values < 0.200 in the univariate analysis were included in the multivariate models. Multivariate logistic regression analysis was performed for categorical outcomes. A p value < 0.050 was used as the threshold of statistical significance for this study. All statistics were performed using SAS software (version 9.4, SAS Institute).
Results
A total of 300 patients were included in the study. The mean age was 63.7 years, and 61.7% of patients were female. Seventy-nine patients (26.3%) underwent primary surgery, and 221 (73.7%) underwent revision. Among the revision patients, 114, 52, 31, 15, and 9 patients underwent 1, 2, 3, 4, and 5 or more prior surgeries, respectively. The majority of patients (65.7%) had prior spinal instrumentation. Of the 300 patients, 17.3% underwent VCR, and the remaining patients underwent PSO. Osteotomies were performed in the thoracic spine (14.7%) and at the L-1 (7.3%), L-2 (7.0%), L-3 (42.7%), L-4 (24.7%), L-5 (2.0%), and S-1 (1.7%) levels. More than half (53.2%) of the patients had more than 10 instrumented levels, and upper instrumented vertebra occurred in the upper thoracic spine in 47.7% of cases. A 2-staged anterior/lateral-posterior approach was performed in 20.3% of cases. Table 1 compares demographics and baseline clinical variables between primary and revision cases. Primary surgery patients underwent VCR more frequently than revision surgery patients (35.4% vs 10.9%, p < 0.001), and therefore more osteotomies were performed in the thoracic spine (29.1% vs 9.5%, p < 0.001). There were no significant differences between other covariates. Table 2 compares perioperative and follow-up outcomes of interest between primary and revision surgery patients. Outcomes were adjusted for osteotomy type and level. The overall perioperative complication rate was 24.7%, and the mean length of stay was 8.2 days. Between primary and revision cases, there were no significant differences in complication rate (26.6% vs 24.0%, p = 0.450) and length of stay (8.7 vs 7.9 days, p = 0.226). Overall, the 90-day readmission rate was 9.0%, and both groups had similar 90-day readmission rates (11.4% vs 8.1%, p = 0.383). The reasons for readmission were pleural empyema requiring chest tubes, lower-extremity weakness secondary to hematoma, ventriculitis, urinary tract infection, ileus, pulmonary embolus, pain, wound dehiscence requiring revision, and wound infection requiring washout. The reoperation rate was 26.7%, and the specific reoperation rate for infection and wound issues was 6.0%. There were no significant differences in the overall follow-up reoperation rate (26.6% vs 26.7%, p = 0.894). The most common diagnoses for those requiring reoperations were pseudarthrosis, implant failure, junctional kyphosis, and wound infections. The reoperation rates for infection were comparable between the 2 groups (5.1% vs 6.3%, p = 0.985). Table 3 shows the results of univariate analysis of various covariates and the outcomes of interest. Among the 300 patients, 221 (73.7%) underwent revision surgery and 197 (65.7%) had prior spinal instrumentation. There was no significant association between number of prior surgeries and all measured outcomes: complication (p = 0.892), 90-day readmission (p = 0.468), reoperation (p = 0.509), and infection requiring reoperation (p = 0.382). Similarly, there was no significant difference in outcomes when assessing the relationship of prior instrumentation and outcomes of interest: complications (p = 0.465), 90-day readmission (p = 0.462), reoperation (p = 0.687), and infection requiring reoperation (p = 0.546) ( Table 3) . Table 4 shows the results of the multivariate analysis, adjusting for potential confounders, evaluating the independent relationship of prior surgical history to the outcomes of interest. Relative to primary cases, prior surgery (regardless of the number of surgeries) was not an independent factor for perioperative complication, 90-day readmission, reoperation, or infection. Similarly, prior spinal instrumentation was also not a risk factor for all outcomes. Rather, independent factors associated with worse outcomes were the presence of baseline renal disease (OR for perioperative complication 5.82, 95% CI 1.96-17.27, p = 0.002) and a comorbid psychiatric diagnosis (OR for 90-day readmission 2.70, 95% CI 1.08-6.76, p = 0.033).
Comparison of Outcomes Between Primary and Revision Patients

Number of Prior Surgeries and Relationship to Outcomes
Discussion
Many ASD patients have undergone prior spine surgery and spinal instrumentation. In this cohort, a majority of patients (73.7%) had undergone prior surgery, and more than half of the patients (65.7%) had prior spinal instrumentation. In fact, 35.6% of patients had undergone multiple (at least 2) surgeries prior to presenting. It would be intuitive that a prior surgical history and more prior surgeries (revisions) would place patients at higher risk for complications, particularly wound healing issues and infections. However, in this contemporary cohort of patients who underwent 3-column osteotomy and long construct spinal fixation, the findings suggest otherwise, demonstrating similar perioperative and follow-up outcomes between primary and revision cases. Prior surgery also was not independently associated with any of the outcomes of interest. This is consistent with a prior study showing that revision surgery patients benefited equally from surgery as primary surgery patients at 2-year follow-up. 7 Complication rates following 3-column osteotomy are relatively high, reflecting the technically demanding nature of the procedure. Reported intraoperative complication rates are estimated to be around 7%, and new neurological deficits are observed in approximately 7%-10% of cases. 3, 11 Overall perioperative complication rates have been reported to range from 39% to 61%. 3, 11, 24, 25 In regard to revision cases, the literature has conflicting evidence on the incidence of complication rates and morbidity.
According to several prior studies, revision cases are associated with higher complication rates. In a study of 10,912 patients from the National (Nationwide) Inpatient Sample (NIS) database who underwent all types of spinal fusions, the incidence of procedure-related complications was approximately 30% higher for patients who underwent revision surgery than for primary cases. 6 This study also suggested that patients undergoing revision surgery are at specific increased risk of complications involving the nervous system, hematoma formation, vascular injury, nerve puncture, wound dehiscence, infection, and acute respiratory distress syndrome. 6 Similarly, in a study of ASD patients who underwent surgery for adult scoliosis, revision patients were found to have a higher overall complication rate than primary patients (58.2% vs 45.2%, respectively). 5 Results from other studies have suggested that there are no differences in morbidity and complication risk between primary and revision surgeries. Linville et al. performed a small retrospective study in which they compared the complications of 18 primary surgery and 26 revision sur- gery patients who underwent combined anterior-posterior surgery for ASD. 16 At the 6-month follow-up, similar complication rates and profiles were observed between the 2 groups (major [11.1% vs 7.8%] and minor [11.1% vs 11.5%] complications). Fu et al. performed a study assessing complications between 53 primary surgery and 31 revision surgery patients who underwent surgery for degenerative scoliosis. 7 They examined in detail the specific complications encountered, and despite greater case complexity in the revision group (greater preoperative coronal imbalance), they did not observe significant differences in complication rates. Specifically, there were similar rates of superficial infection (0.0% vs 3.2%), deep infection (5.7% vs 6.5%), pseudarthrosis (23.2% vs 0.0%), and reoperation (18.9% vs 25.8%). Of note, the deep infection and reoperation rates are similar to the findings in our study. The main criticism of these studies is that they may be underpowered to detect differences of specific complications between the cohorts.
Perhaps most surprisingly, there are also studies reporting worse perioperative and long-term outcomes in primary cases than in revision cases, although the data to support this finding are limited. A study by Ma et al. used the NIS and compared in-hospital mortality rates of 222,549 primary and 12,474 revision thoracic and/or lumbar fusion surgeries. 17 Their findings showed a small but significantly higher mortality rate in primary cases than in revision cases (0.28% vs 0.15%). With regard to long-term outcomes, there are data to suggest that primary cases are associated with a higher rate of major complications, especially pseudarthrosis, at the 2-year follow-up. 15 The inconsistent findings regarding the morbidity of primary versus revision spinal surgery are likely a result of various confounding factors (not adjusted or controlled for in the available studies and literature). Some studies compare revision and primary cases regardless of specific surgical approaches and procedures performed. For example, Diebo et al. compared revision cases of patients who underwent combined anterior-posterior fusion with 6 In addition, variables such as comorbidities, nutritional status, age, and frailty are likely significant contributors to morbidity and are not consistently included in past studies. However, even when authors attempt to concentrate on a homogeneous cohort of patients, the data among different independent studies remain inconclusive. Chang et al. performed a retrospective study comparing outcomes of primary and revision surgeries in patients older than 75 years. 4 They found a trend for a slightly higher complication rate in revision cases than in primary cases at the 2-year follow-up. To this point, Cho et al. compared complication rates between 126 primary and 124 revision patients who underwent adult scoliosis surgery and found an overall higher complication rate in revision cases. 5 However, when stratified by age, complication rates were similar in patients older than 60 years. With regard to other confounding parameters (such as comorbidities and type of surgery), Kurtz et al. performed a multivariate analysis comparing superficial and deep infectious complications between primary and revision surgery patients who underwent lumbar instrumentation and fusion. 12 Their cohort was generated from the Medicare database and consisted of 15,069 primary and 605 revision cases. They found a 3.7% higher rate of infection over a 10-year period for revision cases. However, the greatest predictors of wound infection were the number of comorbidities and number of levels fused. Therefore, careful consideration of baseline demographics and details of the operative course needs to be given when comparing outcomes of primary and revision patients.
It is important to note that complication rates and profiles for primary and revision cases are likely not generalizable to all spine cases because of the different approaches taken (open vs minimally invasive) and pathologies (treated deformity, degenerative, vs tumors). Comparisons of morbidity between primary and revision cases should be done in patients undergoing similar surgeries for the same etiologies. We studied a cohort of patients who underwent posterior approaches to thoracolumbar 3-column osteotomy for ASD by a single surgeon. In this specific population of patients, outcomes were similar between the primary and revision groups. An example in which revision cases have clearly proven to be more difficult and associated with higher complication rates is during same-level anterior lumbar spine revisions. 23 The reported complication rates in revision cases are 3-5 times higher than in primary cases. In revision cases, reoperation of the same level is associated with a much higher incidence of vein lacerations due to scarring (23.7% vs 3.6%). When counseling patients who have undergone prior surgery, it is important to take into account the specific procedure being performed.
Our study has limitations because of its retrospective design and the presence of small sample sizes in particular subgroups. Retrospective studies are at risk for nonrandom distribution of baseline variables. For example, the primary cohort had a disproportionately higher number of VCR and osteotomies than the revision cohort at the tho- racic level. However, we adjusted for these differences in a multivariate analysis. In our study, similar complication and outcome profiles were observed in patients who had undergone any number of prior surgeries with or without spinal instrumentation compared with primary patients. In fact, our data suggest that the number of surgeries was not an independent factor associated with higher odds of worse outcome. This may not be intuitive, given that each time a patient undergoes surgery, his or her skin, soft tissue, paraspinal musculature, and fascia are devascularized, injured, and eventually result in scar tissue. Experience may lead one to assume that there may be a higher risk of wound healing issues and infections. Indeed, while our analysis did not reach statistical significance, there was a trend for increased odds of complications (0.70-2.20) and infections (1.07-2.93) when comparing primary surgery patients with patients who had undergone 5 or more prior surgeries. The reason for not detecting such differences might be due to the small subgroups of patients who underwent 4 surgeries and 5 or more prior surgeries; only 24 of the 300 patients underwent 4 or more prior surgeries. The statistical power in other subgroups remains strong, and based on these findings, it is evident that patients who underwent 0-3 prior surgeries have similar morbidity and outcome profiles.
Conclusions
Many patients who present with ASD have undergone prior spine surgery. A subset may have undergone multiple prior surgeries with or without spinal instrumentation. Results from prior studies regarding whether revision cases are associated with a higher risk of complications, reoperation, and infection are inconsistent. According to the present study, primary and revision cases have similar rates of complication, 90-day readmission, reoperation, and wound infection for ASD patients undergoing thoracolumbar 3-column osteotomy. An increasing number of prior surgeries and history of prior spinal instrumentation were not significant risk factors for inferior outcomes. The present data are relevant to patients undergoing 3-column osteotomies for ASD; more studies are required to evaluate whether these results hold true for specific procedure types and treatment of other pathological processes. It is also important to appreciate that the findings from this study are based on outcomes from very experienced spinal deformity surgeons who have a high-volume 3-column osteotomy practice. It is possible that for less experienced surgeons, revision and primary cases may be associated with different outcomes. Additional studies are warranted.
